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VERSION OF THE SPECIFCATION WITH MARKINGS SHOWING CHANGES MADE. 
(No New Matter has been entered) 

MODIFIED SOURCE/DRAIN RE-OXIDATION METHOD AND SYSTEM 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a division of U.S. Patent Application Serial No. 09/769 J 62 filed 

January 24, 2001. 

BACKGROUND OF THE INVENTION 

The present invention relates to the field of semiconductor manufacture and, more 
particularly, to a modified source/drain re-oxidation process. 

As computers become increasingly complex, the need for memory storage, and in 
particular the number of memory cells, increases. At the same time, there is the need to minimize 
the size of computers and memory devices. A goal of memory device fabrication is to increase 
the number of memory cells per unit area or wafer area. 

Memory devices contain blocks or arrays of memory cells. A memory cell stores one bit 
of information. Bits are commonly represented by the binary digits 0 and 1 . A conventional 
non-volatile semiconductor memory device in which contents can be electrically programmable 
or simultaneously erased by one operation is a flash memory device. 

Flash memory devices have the characteristics of low power and fast operation making 
them ideal for portable devices. Flash memory is commonly used in portable devices such as 
laptop or notebook computers, digital audio players and personal digital assistant (PDA) devices. 

In flash memory, a charged floating gate is zero logic state, typically represented by the 
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binary digit 0, while a non-charged floating gate is the opposite logic state typically represented 
by the binary digit 1 . Charges are injected or written to a floating gate by any number of methods, 
including avalanche injection, channel injection, Fowler-Nordheim tunneling, and channel hot 
electron injection, for example. 

The key performance parameters of a flash memory cell are programming rates, erase 
rates^ and data retention. These parameters are a strong function of the post source drain re- 
oxidation gate edge profile. This profile is also referred to as a reox smile. During source drain 
re-oxidation, the thickness of the tunnel oxide and oxide-nitride-oxide (ONO) layers are 
increased along the exposed edge of the gate electrodes. The profile of this thickness 
enhancement plays a major role in the performance of a flash memory cell. As the thickness of 
this profile increases, reliability and data retention increases while erase rates or speeds worsen. 
Thus, it is desirable to accurately control the thickness of this profile. However, there are only 
limited ways to modify this profile. A common way to attempt to modify the profile is 
controlling the conditions of the re-oxidation. The conditions controlled are source and drain 
doping concentration profiles before oxidation. However, this approach is limited. 

Enhancing the ability to control this source drain re-oxidation gate edge profile is 
desirable. 

SUMMARY OF THE INVENTION 
A method that can be used to modify the smile profile during the fabrication of 
semiconductor devices, such as flash memory, is disclosed. A memory cell structure is defined 
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on a substrate. A layer of phosphorous doped phosphorous-doped oxide is deposited over 
substrate. Horizontal surfaces of the layer of phosphorous doped p hosphorous-doped oxide are 
selectively removed while vertical surfaces of the phosphorous doped phosphorous-doped oxide 
remain. The horizontal surfaces are substantially planar to the substrate surface. The vertical 
surfaces are substantially perpendicular to the substrate surface. 

A method for fabricating a flash memory cell is disclosed. A self aligned self-aligned 
source is formed on a substrate. A drain is formed on the substrate. A layer of phosphorous 
deped phosphorous-doped oxide is deposited on the substrate. Portions of the phosphorous 
dopedphosphorous-doped oxide layer are removed leaving remaining portions of the 
phosphorous p hosphorous- doped oxide layer. Standard re-oxidation is performed on the 
substrate. 

A semiconductor device is disclosed. The semiconductor device includes a substrate, a 
drain, a self aligned source, a first oxide layer, a first polysilicon layer, a second dielectric layer, a 
second polysislicon layer and a phosphorous doped oxide layer. The drain is formed in the 
substrate. The self aligne d self-aligned source is formed in the substrate. The first oxide layer is 
deposited in the substrate from the drain to the self alignedself-aligned source. The first 
polysilicon layer is deposited over the first oxide layer. The second dielectric layer is deposited 
over the first polysilicon layer. The second polysilicon layer is deposited over the second oxide 
layer. A phosphorous doped p hosphorous-doped oxide layer is located only along edges of the 
first oxide layer, the first polysilicon layer, the second oxide layer and the second polysilicon 
layer. 

- 3 - 
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Other methods and devices are disclosed. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

The following detailed description of the present invention can be best understood when 
read in conjunction with the accompanying drawings, where like structure is indicated with like 
reference numerals. 

Figure 1 illustrates a semiconductor device for flash memory. 

Figure 2A illustrates a semiconductor device prior to re-oxidation. 

Figure 2B illustrates a semiconductor device after re-oxidation. 

Figure 3 A illustrates a portion of a semiconductor device according to one embodiment of 
the invention. 

Figure 3B illustrates the portion of the semiconductor device after re-oxidation according 
to one embodiment of the invention. 

Figure 4A illustrates standard self aligned source doping after source implant and re- 
oxidation. 

Figure 4B illustrates self aligne d self-aligned source doping according to one embodiment 
of the invention. 

Figure 4C illustrates self aligned self-aligned source doping according to one embodiment 
of the invention. 

Figure 5 illustrates a flash memory device according to one embodiment of the invention. 
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Figure 6 illustrates a method according to one embodiment of the invention. 
Figure 7 illustrates a method according to one embodiment of the invention. 
Figure 8 illustrates a method according to one embodiment of the invention. 
Figure 9 is a computer system in with which embodiments of the invention may be used. 

DETAILED DESCRIPTION OF THE INVENTION 
For the purposes of describing and defining the present invention, formation of a material 
"on" a substrate or layer refers to formation in contact with a surface of the substrate or layer. 
Formation "over" a substrate or layer refers to formation above or in contact with a surface of the 
substrate. Formation "in" a substrate or layer refers to formation of at least a portion of a 
structure in the interior of a substrate or layer. A "wafer" is a thin, usually round slice of 
semiconductor material, such as silicon, from which chips are made. A "substrate" is the 
underlying material upon which a device, circuit, or epitaxial layer is fabricated. A "flash 
memory device" includes a plurality of memory cells. Each "memory cell" of a flash memory 
device can comprise components such as a gate, floating gate, control gate, wordline, channel 
region, a source, self aligned source and a drain. A self aligned self-aligned source (SAS) is a 
semiconductor structure that allows a number of cells to share a common source or source 
junction. An "anneal" is a high temperature processing step designed to minimize stress in the 
crystal structure of the wafer. The term "patterning" refers to one or more steps that result in the 
removal of selected portions of layers. The patterning process is also known by the names 
photomasking, masking, photolithography and microlithography. 

- 5 - 
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Figure 1 illustrates a semiconductor device 100 for flash memory. Figure 1 is prior art. 
The device 100 includes a substrate 107, a source 101, a drain 102, a tunnel oxide 103, a first 
polysilicon (poly) layer 104, a dielectric layer 105 and a second poly layer 106. 

The substrate 107 is typically comprised of silicon. The source 101 and drain 102 are 
formed in the substrate 107 by doping. The source 101 can be created by doping with As 
(arsenic) and P (phosphor), individually or in combination. The drain 102 can be formed by 
doping with As. The tunnel oxide layer 103 is formed as shown in figure 1 and stretches from 
the source 101 to the drain 102. The first poly layer 104 is formed over the tunnel oxide layer 
103. The first poly layer is typically a floating gate. The first poly layer 104 is typically lightly 
doped. The dielectric layer 105 is formed over the first poly layer 104. It can be composed of a 
dielectric such as oxide nitride oxide (ONO). The second poly layer 106 is formed over the 
dielectric layer 105. The second poly layer 106 can be comprised of any suitable conductor, but 
it typically is a poly with a metal silicide. The second poly layer 106 can be a wordline. 

Figure 2A illustrates a portion of a semiconductor device prior to re-oxidation. Figure 2A 
is prior art. A source 201 has already been formed by doping a semiconductor 207. A tunnel 
oxide layer 202 has been formed over the surface of the semiconductor 207 and a floating gate 
poly layer 203 has been formed over the tunnel oxide layer. The tunnel oxide layer 202 is formed 
to a specific thickness or original thickness 211. 

Figure 2B illustrates the portion of the semiconductor device after re-oxidation. Figure 
2B is prior art. A re-oxidation oxide profile 208 has formed as shown in figure 2B over surfaces 
of the device. The re-oxidation oxide profile 208 has two important characteristics or 
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parameters, height 209 and width 210. The height 209 is the vertical distance from the top of the 
source 201 (silicon surface) to the bottom edge of the floating gate poly layer 203 as shown in 
figure 2B. The width 210 is the horizontal distance from the edge of the floating gate poly layer 
203 to the point where the tunnel oxide starts getting thicker than the original thickness 21 1 and 
the thickness of the rest of the channel region. The height 209 and width 210 parameters have a 
large effect on the operation of the flash memory device. As the height 209 increases, the 
reliability of the flash memory device increases but erase speed decreases. As the width 210 
increases, erase speed decreases. However, with standard re-oxidation techniques, it is difficult 
to control these parameters, 209 and 210, and the re-oxidation profile 208. 

Figure 3 A illustrates a portion of a semiconductor device according to one embodiment of 
the invention. The portion of the semiconductor device includes a source 301 formed in a 
semiconductor 307. A tunnel oxide layer 302 is formed over the surface of the semiconductor 
307 and the surface of the source 301 as shown in figure 3A. The floating gate poly layer 303 is 
formed over the tunnel oxide layer 302. An ONO layer 304 is formed over the floating gate poly 
layer 303. Another poly layer or wordline poly layer 305 is formed over the ONO layer 304. The 
phosphorous doped oxide has been formed over all surfaces of the semiconductor and removed 
from all substantially horizontal surfaces so that the remaining phosphorous doped oxide 306 is 
only on substantially vertical surfaces such as is shown in figure 3 A. The phosphorous 
deped phosphorous-doped oxide can be formed over the semiconductor by using methods such as 
chemical vapor deposition or spin on glass (SOG). Using the SOG method could create higher 
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dopant concentrations. The phosphorous doped phosphorous-doped oxide can be removed from 
substantially horizontal surfaces by etching such as, for example, an anisotropic etch. 

Figure 3B illustrates the portion of the semiconductor device after re-oxidation according 
to one embodiment of the invention. A re-oxidation oxide profile 308 has formed as shown in 
figure 3B over surfaces of the device. The re-oxidation oxide profile 308 has two important 
characteristics or parameters, height 309 and width 310. The height 309 is the vertical distance 
from the top of the source 301 (silicon surface) to the bottom edge of the floating gate poly layer 
303 as shown in figure 3B. The width 310 is the horizontal distance from the edge of the floating 
gate poly layer 303 to the point where the tunnel oxide layer 302 starts getting thicker than the 
original thickness 3 1 1 and the thickness of the rest of the channel region. The height 309 and 
width 310 parameters have a large effect on the operation of the flash memory device. As the 
height 309 increases, the reliability of the flash memory device increases but erase speed 
decreases. As the width 310 increases, erase speed decreases. However, with standard re- 
oxidation techniques, it is difficult to tailor these parameters, 309 and 310, and the re-oxidation 
profile 308. By having utilized the phosphor doped oxide 306, the height 309 is similar to the 
height of the device of figures 2A-2C but, the width is significantly less than the width of the 
device in figures 2A-2C. Thus, the data retention of the device in figure 3 will be similar to the 
data retention of the device in figure 2, but the erase speed of the semiconductor device of figure 
3 is likely significantly better than the device of figure 2. An additional benefit is that the 
resistance of the source rail or common source may be lowered. 

- 8 - 
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Figure 4A illustrates standard self aligned source 400 doping after source implant and re- 
oxidation. Figure 4 A is prior art. The source doping takes place at 403. The horizontal surfaces 
402 are heavily doped and the vertical surfaces 401 are lightly doped. The resistance of the self 
alignedself- aligned source 400 is a function of the dopant atom concentration of along it. 
Because of steep profiles formed during shallow trench isolation processes, the concentration of 
dopant atoms along the self aligned self-aligned source is not uniform. Atoms implanted in the 
steep slope or vertical surfaces 401 have a lower effective concentration due to the nature of the 
implant process. This decrease in concentration along the vertical surfaces 401 of the self 
alignedself-aligned source, leads to higher than expected self aligned source resistance. This 
problem increases as the depth of the shallow trench increases and this is one of the limiting 
factors for increasing the trench depth. 

Figure 4B illustrates self aligned self-aligned source 400 doping according to one 
embodiment of the invention. Figure 4B is prior to re-oxidation and after source implants 403 
and phosphorus doped oxidation 404 and etching. Phosphorus doped oxide has been removed 
from the horizontal surfaces 402 so that the phosphorus doped oxide 404 only remains on the 
vertical surfaces 401. Figure 4C illustrates self aligned self-aligned source 400 doping according 
to one embodiment of the invention. Figure 4C is the self alime d self-aligned source of figure 4B 
after re-oxidation. The vertical surfaces 401 have increased doping from phosphorus diffusing 
out of the phosphorus doped oxide 404. Thus, the vertical surfaces 401 and horizontal surfaces 
402 are more evenly doped than the respective surfaces of figure 4A. Furthermore, by supplying 
an additional source of dopant directly to the vertical surfaces 401, the overall self aligne d self- 
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aligned source resistance can be improved. The rail resista n ce limitin gresistance-limiting factor 
for trench depth can be greatly reduced or eliminated. Additionally, the phosphorus 
deped phosphorus-doped oxide prevents out-diffusion of phosphorus from regions which are 
covered by the phosphorus doped p hosphorus-doped oxide 405 during high temperature thermal 
cycling that follows. The re-oxidation oxide 405 is formed over the phosphorus doped oxide 404 
and horizontal surfaces 402. 

Figure 5 illustrates a flash memory device according to one embodiment of the invention. 
The device is fabricated on a silicon substrate 509. The self aligned self-aligned source 501 is 
formed in the silicon substrate 509. The floating gate layer 504 is formed over the substrate 509. 
The floating gate layer 504 typically has aa tunnel oxide layer between itself and the substrate 
509, but the tunnel oxide layer can-not be seen in figure 5. An ONO layer is formed over the 
floating gate layer 504 but is not visible in figure 5. A wordline poly layer 506 is formed under 
the ONO layer. Field isolation oxide 507 is formed over the wordline poly layer 506. 
Phosphorous dope d Phosphorous-doped oxide 508 is formed on steep or substantially vertical 
surfaces. An example of forming the phosphor ous dope dphosphorous-doped oxide 508 is to use 
chemical vapor deposition. 

The phosph o rous doped phosphorous-doped oxide 508 is able to modify the source drain 
re-oxidation process three ways. First, it can act as a dopant source which allows for adjusting 
the doping concentration profile 510 from the edge inward for the floating gate poly 504 and 
from the surface downward for the silicon substrate 509. Secondly, the phosphorous doped 
oxide 508 acts as a barrier against phosphorus out-diffusion during high temperature processing. 

- 10 - 
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High temperature processing normally occurs during re-oxidation. Third, the phosphorous doped 
oxide acts as a barrier against the diffusion of oxygen during re-oxidation processes which reduce 
the lateral oxide encroachment under the floating gate layer 504. 

The oxidation rate of silicon and poly-silicon is dependent on the type and concentration 
of the dopant atoms. Generally, the higher the concentration, the higher the oxidation rate. 
Additionally, the oxidation rate is dependent on the ability of oxygen and silicon to react. The 
greater the distance that these atoms need to diffuse, the lower the oxidation rate. By utilizing the 
p hosphorous doped phosphorous-doped oxide, the concentration profile, edge to center for the 
floating gate poly can be adjusted and the oxidation rate can be reduced. 

The key characteristics of the phosphorous dop e d phosphorous-doped oxide are thickness 
and phosphor concentration. Some acceptable ranges for thickness is 25 A to 500A and the 
phosphorous concentration is 1% to 6%. The range of thickness and phosphor concentrations 
affect the programming rate, erase rate and data retention by assisting (concentration) or 
reducing(thickness) the oxidation rate in the smile region. Other dopants besides phosphor can 
be used in the doped oxide. 

Figure 6 illustrates a method according to one embodiment of the invention. A memory 
cell structure is defined on a substrate at block 601 . The memory cell structure can be all or part 
of a memory cell. The memory cell structure can define the dimensions and locations of the 
memory cell and its components, such as source and drain, on the substrate. A source and drain 
are formed in a semiconductor at block 602. The source can be a self aligned self-aligned source. 
A layer of phosphorous dope dp hosphorous-doped oxide is deposited over the semiconductor at 
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603. Generally, the phosphoro us doped phosphorous-doped oxide is deposited over the 
semiconductor using chemical vapor deposition. The phosphoro u s doped phosphorous-doped 
oxide is removed from substantially horizontal surfaces at 604 so that the oxide only remains on 
substantially vertical surfaces. Normal re-oxidation is performed to finish fabricating the 
memory cell. 

Figure 7 illustrates a method of fabricating a flash memory cell according to one 
embodiment of the invention. The dimensions of the flash memory cell are defined at block 701 
on a substrate. The source side of the flash cell is blocked at 702. The drain side is implanted 
with boron- 1 1 at 703. The block is then removed from the source side at block 704. The drain 
side is blocked at 705. An oxide dry etch is performed in order to remove isolation oxide along a 
self aligned self-aligned source at block 706. The source is implanted with phosphor-31 and 
arsenic-75 in order to dope the self aligned self-aligned source 707. The block is removed from 
the drain side at 708. A layer of p hosphor ous doped p hosphorous-doped oxide is deposited over 
the flash memory cell at block 709. The thickness of the phosphorous doped oxide and the 
phosphor concentration of the phosphorous doped oxide are selected to achieve desired 
characteristics of the flash memory cell, such as program rate, erase rate and data retention. For 
illustrative purposes, some typical thickness and phosphor concentrations are 25A to 500A and 
1% to 6%. A directional plasma etch is performed to remove phosphorous doped oxide from 
horizontal surfaces at 710. The directional plasma etch selectively leaves the phosphorus 
depe dphosphoras-doped oxide on only the steep or substantially vertical sections of the substrate 
compared to the plane of the substrate surface. Normal re-oxidation is performed at block 711. 
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Figure 8 illustrates a method of fabricating a memory cell according to one embodiment 
of the invention. The memory cell can be a flash, EPROM or EEPROM type memory cell. A 
substrate is provided at block 801 . A tunnel oxide layer is formed over the substrate at block 
802. The tunnel oxide layer can be deposited over the substrate. A floating gate polysilicon 
layer is formed over the tunnel oxide layer at block 803. The floating gate polysilicon layer is 
then patterned and etched at block 804. An ONO layer is formed over the floating gate 
polysilicon layer at block 805. A wordline polysilicon layer is formed over the ONO layer at 
block 806. The wordline polysilicon layer is then patterned and etched at block 807. The drain 
is patterned and etched at block 808. The drain is implanted with Boron at block 809. The 
source is patterned at block 810. The source is then etched at block 811. The source is 
implanted with phosphor at block 812. The source is implanted with arsenic at block 813. 
Phosphor doped oxide is deposited over the polysilicon layer at block 814. The thickness of the 
phosphorous doped p hosphorous-doped oxide and the phosphor concentration of the phosphorous 
depe dphosphorous-doped oxide are selected to achieve desired characteristics of the memory 
cell, such as program rate, erase rate and data retention. For illustrative purposes, some typical 
thickness and phosphor concentrations are 25 A to 500A and 1% to 6%. A directional plasma 
etch is performed to remove phosphorous doped oxide from substantially horizontal surfaces at 
block 815. A source/drain reoxidation is performed at block 816. The source and drain are 
implanted with arsenic at block 817. A source and drain anneal is performed at block 818. 
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The resulting memory cell will likely have increased erase rates and programming rates 
compared to other conventional memory cells. Furthermore, the resulting memory cell can be 
fabricated according to more specific dimensions and parameters. 
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Figure 9 is an illustration of a computer system 912 that can use and be used with 
embodiments of the present invention. As will be appreciated by those skilled in the art, the 
computer system 912 would include ROM 914, mass memory 916, peripheral devices 918, and 
I/O devices 920 in communication with a microprocessor 922 via a data bus 924 or another 
suitable data communication path. The memory devices 914 and 916 can be fabricated according 
to the various embodiments of the present invention. ROM 914 can include EPROM or 
EEPROM EPROM, EEPRQM, or flash memory. Mass memory 916 can include DRAM, 
synchronous RAM or flash memory. 

Many other electronic devices can be fabricated utilizing various embodiments of the 
present invention. For example, memory devices according to embodiments of the invention can 
be used in electronic devices such as cell phones, digital cameras, digital video cameras, digital 
audio players, cable television set top boxes, digital satellite receivers, personal digital assistants 
and the like. 

Having described the invention in detail and by reference to preferred embodiments 
thereof, it will be apparent that modifications and variations are possible without departing from 
the scope of the invention defined in the appended claims. Other suitable materials may be 
substituted for those specifically recited herein. For example, the substrate may be composed of 
semiconductors such as gallium arsenide or germanium. Additionally, other dopants may be 
utilized besides those specifically stated. Generally, dopants are found in groups m and V of the 
periodic table. 

What is claimed is: 
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CLAIMS 

1. A method comprising: 

defin i ng a memory cell structure on a substrate; 

depositing a layer of phosphorous doped oxide over the substrate; 

selectively removing horizontal surfaces of the layer of phosphorous doped oxide whil e 
leavin g v ertical surfac es o f th e phosphorous dop ed o xide, wherein the horizontal surfaces ar c 
substantially planar to a surface of the substrate and the vertical surfaces are substantially 
p e rpendi c ular to the surface of the substrate. 

2. The method of claim 1 ? wherein defining a memory cell utilizes photolithography and plasma 
etching. 

3. The method of claim 1 further comprising selecting a thickness and phosphorus concentration 
of the phosphorous doped oxide to meet desirable performance parameters. 

i. The method of claim 1 further comprising selecting a thickness and phosphorus concentration 
of the phosphorous doped oxed to result in a desired profile. 

5. The method of claim 1, wherein selectively removing horizontal surfaces utilizes a directional 
plasma etch. 
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6 . The method of claim L wherein t h e vertical surfaces comprise sidewalls along trench 
is olation area interfa ces fou nd along a sel f align e d so ur ce. 

7. The method of claim 1, wherein the vertical surfaces comprise sidewalls of the memory cell 

8. A method comprising: 

forming a self aligned source region and a drain region over a substrate; 

sele cti ng a thickn es s a nd phos phor ou s c o n c entration for a phosphorous doped oxid e 

??""!: 

if l ayer; 

fy depositing the phosphorous doped oxide layer over the substrate by means of chemical 

M= vapor deposition; 

selectively removing horizontal surfaces of the phosphorous doped oxide layer while 
q leaving vertical surfac e s of the phosphorous doped oxide layer, wherein the horizontal surfaces 
ri are substantially planar to a substrate surface , th e vert i cal surfaces are sub s tantially perpendicu lar 

zsz s 
!i z s 

to the substrate surface and the vertical surfaces comprise sidewalls of the flash memory cell 

9. The method of claim 3, wherein the thickness and phosphorous concentration correspond to 
des ir e d pro gram rate, erase rate and data retention parameters. 



10. The method of claim 3, wherein the thickness is in the range of 25 A to 500 A and the 
phosphorous concentration is in the r a n g e of 1% to 6%. 
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1 L The meth o d of claim 8, further comprising: 

performing standard re oxi da tion on the substrate, 

12. A me th o d for fabricating a flash memory c el l comprising: 

forming a self aligned source region in a substrate; 
forming a drain region in the substrate; 

deposi ti ng a layer of phosphorous doped oxid e over th e substrate; 
selectively r em ov in g portions of the ph o sphor o us doped oxide layer, le aving remaining 
portions of the phosphor o us doped oxide layer; and 

performing standard re oxidation on the substrate. 

13. A met hod fo r fabricating a flash memory c ell c ompris i ng: 

doping a dr ain region i n a s u b strate w ith a first dopant; 
doping a source region in the substrate w i th a second dopant; 

depositing a layer of ph osphoro us doped oxide over the substrat e accordi ng to a desired 
thicknes s and a desired phosph or us co nc entration; 

selectively re moving horizontal portions of the phosphorous dop ed oxide layer while 
leaving steep portion s al ong steep expo sed side walls; and 

performing standard re oxidation on the substrate. 
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14 The met h od of clai m 13, wherein the stee p expos e d side walls are sidewalls of shallo w 

t rench iso lation (S T I) trench and active area s interfaces along th e source and a sidewail of the 
flash cell. 

15. The method of claim 13, wherein the first dopant comprises 
boron 1 1 and the second dopant compris e s ph osphor 3 1 and arsenic 75. 

16. A method of fabricating flash memo ry comprising: 

defining a dim ension of a flash ce ll on a substrate utilizing photolithograph y and plasma 
etching; 

fabricating a drain region on the substrate: 

fabricating a self aligned source re gion on t h e substrate; 

depositing a thin layer of p ho sph orous dop ed oxide over the sub strate hav ing a thickness 
and phosp horous concentration; 

performing a directional plasma etch to rem ove the d oped oxide everywhere except along 
steep exp osed side walls; and 

perfo r mi ng a standard source drain re oxidat ion proc ess o n t he substrate. 

17. T he method of claim 16, wherein fabri cating a self a li gned source region comprises: 

blocking a drain side o f the flash cell; 
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perfo r ming an oxide dry etch i n o r der to remove isolation oxide along the self aligned 
sour ce r e gion; 

imp l anting phosphor 3 1 to dope the self aligned source region; 
implanting arsenic 75 to dope th e sel f al igned source reg ion;- an d 
removing blocking from the drain side of the flash cell 

18 . T h e method of cla i m 16, wherein fabricating a drain region comprises: 

b locking a source sid e of the fl ash cell; 

implanting boron 1 1 ; and 

removing b l ocking from the source side. 

1 9. A met hod o f fabricating flas h memory comprising: 

defining a dimension of a flash cell on a substrate utilizing ph otol it ho g r aphy and plasma 
etching; 

fabricating a drain in a drain region of the substrate by: 

blocking a source region of the flash c ell; 

implanting boron 1 1 ; and 

removing bloc k ing from the source region; 
fabricating a self aligned source in t he source region of the substrate by: 

blocking the drain region of the flas h c ell; 
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performing an oxide dry etch in o r d er to remove isola tion oxid e along the self 
aligned so urce region; 

implanting pho sphor 31 to dope the s e lf a li gned source; 
implanting a rs e nic 75 to dope the sel f a ligned source; and 
removing blocking from the drain regi on of the fla sh cell; 
depositing a thin l aye r of phosphorous dope d ox id e, having a thickness and ph o sphorous 
concentra tion, over the substrate: 

performing a directi onal plasma etch to remo v e the chemical vapor deposi tion oxide 

assis 

5j e v erywher e except along steep ex pos e d side w alls; and 

fy performing a standar d source drain re oxidation process on the substrate. 

if.-::: 
; ir 8 ; 

L, 20, The method of claim 19, further com prisin g s electing an erase rate by deter mining the 

11 j 

q thickness and phosph orous con cen tra tion of the phosp horo u s d oped oxide, 

~~4 

21. The m ethod of claim 19, fur ther compri sing selecting a self aligned so urce resistance 
according t o the thickness and ph osphorou s concentration of the pho s phor ous doped oxide. 



22, A met h o d for fabricating memory cells; 
providi ng a substrate; 

forming a tunnel oxide layer over at least a portion o f the s ub stra te; 
forming a fir st polysilicon layer ove r at l ea s t a portion o f th e sub str ate; 
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patterning the first polysilicon layer; 

forming a dielectric layer over at least a portion of the substrate; 
forming a second polysilicon layer over at least a portion of the substrate; 
patterning th e seco n d polysilicon layer; 
patterning one o r more of the formed layers fo r a drains - 
implanting the drain with a first dopant; 
patterning one o r more of the formed layers for a source; 
implanting the source with a second dopant; 
imp l anting the source with a thir d dop ant; 

depositing a phosphoro us doped o x ide l ayer having a thickness a nd a concen tration o ver 
the substrate; 

selecti v ely remo ving p ortions o f the phosphorous dope d oxide layer leaving substantially 
vertical portions of the phosphorous do p ed oxide layer; and 
performing a source/drain reoxidation. - 

23. The method of claim 22, w h erein selectively removing portions of the phosphorous doped 
oxide layer utilizes an anisotropic etch, 

24. The method of claim 22, wherein the substantially vertical portions are sidewalls of the 
memory cells. 
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25. The meth od of claim 22, wherein the memory cells utilize shallow trench isolation, 

26. The method of c laim 22, wherein the first polysilicon layer is a floating gate. 

27. The method of claim 22, wherein the dielectric layer is an oxide nitride oxide. 

28. The method of claim 22, wherein the second polysilicon layer is a wordline. 

29. The method of claim 22, wherein the elements are performed in order. 

30. The method of claim 22, wherein the first dopant is boron, the second dopant is phosphor 
and the third dopant is arsenic. 

3 L A method for fabricating memory cells; 
providing a s u b st rate; 

forming a tunnel oxide layer over at least a portion of the substrate; 

forming a first polysilicon layer over at least a portion of the tunnel oxide layer; 

patterning the first polysilicon layer; 

forming a dielectric layer over at least a portion of the first polysilicon layer: 
forming a second polysil ico n layer over a t least a p orti on of the diele ctric l a yer ; 
p atter ning t he secon d polysil ic on la yer; 

- 23 - 



MIO 053 VA/ 98- 01 10 

patterning one or more of the formed layers f or a drain; 

implanting the drain with boron; 

patterning one or more o f t he formed layers for a source; 

impl an t ing t he source with phosphor: 

implanting th e so ur c e with arsenic; 

depositing a phosphorous doped oxide layer having a thickness and a concentration over 
the substrate; 

selectively r emovi ng portions of the phosph or ous doped oxide layer leaving sub s tantially 
vertical portions of the phosphorous doped oxide layer; 
per fo rm in g a source/drain reoxidation; 
implanting the source and the drain with arsenic; and 
performing a source/drain anneal 

53tL A semiconductor device comprising: 
a substrate; 

a drain formed in the substrate; 

a s elf aligned self-aligned source formed in the substrate; 

a first oxide layer deposited over the substrate stretching from the drain to the self 
a li gned self-aligned source; 

a first polysilicon deposited over the first oxide layer; 

a second oxide layer deposited over the first polysilicon layer; 
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a second polysilicon layer deposited over the second oxide layer; and 

a phosph o rous doped p hosphorous-doped oxide along substantially vertical edges of the 

first oxide layer, the first polysilicon layer, the second oxide layer and the second polysilicon 

layer. 

3^2. The semiconductor device of claim wherein the first oxide layer is a tunnel oxide 
layer. 

34. The semiconductor device of claim 32^ wherein the second oxide layer is an oxide nitride 
oxide layer. 



3£A The semiconductor device of claim 32^ wherein the first polysilicon layer is a floating 
gate. 



3£t5. The semiconductor device of claim 32i wherein the second polysilicon layer is a 
wordline. 

37t6. A semiconductor device after re-oxidation comprising: 
a substrate; 

a drain formed in the substrate; 

a self aligne d self-aligned source formed in the substrate; 
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a first oxide layer deposited over the substrate stretching from the drain to the self 
aligned self-aligned source; 

a first polysilicon layer deposited over the first oxide layer; 

a second oxide layer deposited over the first polysilicon layer; 

a second polysilicon layer deposited over the second oxide layer; 

a phosphorous doped oxide layer along substantially veritcal vertical edges of the first 
oxide layer, the first polysilicon layer, the second oxide layer and the second polysilicon layer; 
and 

a re-oxidation oxide profile formed over surfaces of the semiconductor device having a 
height and width, 

^StT, The device of claim wherein the height is a vertical distance from the source to a 
bottom edge of the first polysilicon layer and the width is a horizontal distance from a side edge 
of the first polysilicon layer to a vertical edge of the tunnel oxide layer. 

3^8. The device of claim wherein the height and width are determined by characteristics 
of the phosphorous doped oxide. 

40^9^ A self aligned source of a flash memory device on a substrate, the self aligned source 
comprising: 
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one or more horizontal surfaces planar to the substrate having a desired doping 
concentration; 

one or more vertical surfaces perpendicular and coupled to the one or more horizontal 
surfaces, the one or more vertical surfaces having a lower than desired doping concentration; and 

one or more vertical phosphorous doped p hosphorous-doped oxide layers formed over the 
one or more vertical surfaces, the one or more vertical phosphorous doped phosphorous-doped 
oxide layers having an additional doping concentration. 

44t10. The self aligned source of claim 40& wherein the additional doping concentration and 
the less than desired doping concentration produce an effective doping concentration. 

43rlL The self aligned source of claim 44-40, wherein the effective doping concentration is 
substantially equal to the desired doping concentration. 

43t12. The self aligned source of claim 40^9, wherein the additional doping concentration, the 
less than desired doping concentration and the desired doping concentration are selected to 
provide a desired resistance. 

44rl3. A computer system comprising: 
at least one processor; 
a system bus; 
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a flash memory device coupled to the system bus, the memory device including one or 
more flash memory cells comprising: 
a substrate; 

a drain formed in the substrate; 

a self aligned self-aligned source formed in the substrate; 

a first oxide layer deposited over the substrate stretching from the drain to the self 
aligned self-aligned source; 

a first polysilicon deposited over the first oxide layer; 

a second oxide layer deposited over the first polysilicon layer; 

a second polysilicon layer deposited over the second oxide layer; 

a phosphorous doped oxide along substantially vertical edges of the first oxide 
layer, the first polysilicon layer, the second oxide layer and the second polysilicon layer; and 

a re-oxidation oxide profile formed over surfaces of the semiconductor device 
having a height and width. 
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ABSTRACT OF THE DISCLOSURE 
Methods and devices are disclosed utilizing a phosphorous doped phosphorous-doped 
oxide layer that is added prior to re-oxidation. This allows greater control of the re-oxidation 
process and greater control of the performance characteristics of semiconductor devices such as 
flash memory. For flash memory, greater control is gained over programming rates, erase rates, 
data retention and self aligned self-aligned source resistance. 
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